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Abstract

AIM: Clinical therapy and prognosis in HCV infections are
not good, and mix-infections with different HCV genotypes
or quasispecies and mix-infections with HCV plus other
hepatitis viruses are important concerns worldwide. The
present report describes the sequence diversity and
genotying of the 5’NCR of HCV isolates from hepatitis
patients mix-infected with different HCV genotypes or
variants, and the conditions of mix-infections with HCV plus
other hepatitis viruses, providing important diagnostic and
prognostic information for more effective treatment of HCV
infections.

METHODS: The 5” non-coding region (5”NCR) of HCV was
isolated from the patients sera and sequenced, and
sequence variability and genotypes of HCV were defined
by nucleotide sequence alignment and phylogenetic
analysis, and the patients mix-infected with HCV plus other
hepatitis viruses were analyzed. The conditions and clinical
significance of mix-infections with HCV plus other hepatitis
viruses were further studied.

RESULTS: Twenty-four out of 43 patients with chronic
hepatitis C were defined as mix-infected with different
genotypes of HCV. Among these 24 patients, 9 were mix-
infected with genotype 1 and 3, 7 with different variants
of genotype 1, 2 with different variants of genotype 2, 6
with different variants of genotype 3. No patients were
found mix-infected with genotype 1 and 2 or with genotype
2 and 3. The clinical virological analysis of 60 patients mix-
infected with HCV plus other hepatitis viruses showed that
45.0 % of the patients were mix-infected with HCV plus
HAV, 61.7 % with HCV plus HBV, 6.7 % with HCV plus
HDV/HBV, 8.4 % with HCV plus HEV, 3.3 % with HCV plus
HGV. Infections with HCV plus other hepatitis viruses may
exacerbate the pathological lesion of the liver.

CONCLUSION: The findings in the present study imply

that mix-infections with different HCV genotypes and mix-
infections with HCV plus other hepatitis viruses were
relatively high in Yunnan, China, providing important
diagnostic and prognostic information for more effective
treatment of HCV infections.
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INTRODUCTION

Hepatitis C virus (HCV) isthe major causative agent of non-
A, non-B pasttransfusional hepatitis, possessing a positive-
stranded RNA genome of 9.4 kb, Sincethediscovery of HCV,
investigations showed that HCV genome has great diversity,
proposing that HCV isolates be classified into different groups
(genotypes) or subtypes. HCV sequence diversity observed
among isolates relevant to the process of vira evolution as it
occurred during the history of human populations?; therefore,
it has been largely exploited to classify viral variants showing
different epidemiological and pathogenic featurest®.
Conversely genetic diversity within individuals is more
pertinent to the long-term adaptation of the virus to the host
and reflect the dynamics of viral population and the selective
mechanisms operating during the course of the infection!,
formation of persistent and chronic infectiong®®.

Clinic therapy and prognosisin HCV infections are not
good. Morethan 50 % of individuals exposed to HCV develop
chronicinfection, and of thoseindividuals chronically infected,
approximately 20 % to 30 % will develop liver cirrhosis and/
or hepatocelullar carcinoma when followed a twenty to thirty
yeard>7. For those results, in addition to HCV infection, mix-
infection (co-infection or super-infection) with HCV plus other
hepatitis viruses might have important significance in these
situations. It was previously believed that some of the
individuals with hepatitis C might in fact be mix-infected by
HCV plus other hepatitis viruses. In such cases, HCV viremia
clearance might be observed after clinical treatment directed
to HCV infection, but the serum ALT level be not normalized
or only transiently decreased. Mix-infection with HCV plus
other hepatitis viruses is an important concern worthy further
investigation.

The present report described the sequence diversity and
genotying of the5 NCR of HCV isolatesfrom hepatitis patients
mix-infected with different HCV genotypes or variants, and
the conditions of mix-infectionswith HCV plus other hepatitis
virusesin Yunnan, China.

MATERIALS AND METHODS

Subjects

The cases described in this study are all Chinese patientsin
Y unnan province clinically diagnosed with liver diseases mix-
infected with different HCV genotypes or variants, or with
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HCV plus other hepatitis viruses. The serum specimens were
collected from the patients for virological tests.

Sequencing and genotyping of HCV genome
HCV-RNA extraction HCV-RNA was extracted from the
sera of patients with hepatitis C by the guanidinium lysis and
phenol-chloroform method described previously®®. The HCV
RNA extract from 450 m of serum was finally dissolved in 45
m of distilled water.
HCV PCR HCV-positive serum specimens were obtained
from patients with hepatitis infected by HCV, and the details
of RT-PCR method used to generatethe double-stranded cDNA
fragment have been described elsewherel®, with some
modification. Briefly, 45 m of RNA was extracted from 450
m of serum as described previously, and the antisense primer
AS-1(5 -GTGCACGGTCTACGAGACCT-3") derived from
the5 NCR wasused in areversetranscriptase reactionto generate
acDNA copy of the antisense strand. Synthesis of HCV cDNA
was performed from 2 nm of RNA extract, mixed with 13 m of
pre-RT buffer (50 mM Tris-HCI, 50 mM KCl, 10 mM MgCl,,
0.5 mM spermidine, 10 mM DTT, 1.25 mM of the four dNTPs
[PromegaBiological Products Ltd., Shanghai, China] and 150
ng of the AS-1). After heat treated for 30 sat 92 “C and quick
chilling, the above mix was added with 5 m of RT buffer
containing 20 u of RNasin and 10 u AMV reverse transcriptase
(Promega, Shanghai, China) and then incubated for 1 hr at 42 °C.
Twenty microlitersof cDNA from each reverse transcriptase
reaction was used as a template for the first subsequent PCR
inaDNA Thermal Cycler (Perkin-Elmer/Cetus, CA., USA).
The first PCR was performed in areaction volume of 100 m
containing 10 mM Tris-HCI (pH9.0), 50 mM KCI, 25 mM
MgCl,, 0.1 % Triton x-100, 5 mM of each dNTPs, 5 u Tag
DNA polymerase [Promega], 150 ng of primersAS-1and S-1
(5 -GCCATGGCGTTAGTATGAGT-3' ) and 20 i of cDNA.
The PCR was performed for 30 cyclesat 94 °C for 45 s, 56 'C
for45sand 72 °C for 45 s.
Cloning and sequencing Onem diquot of thefirst PCR product
(comprising nucleotides -240 to -22) was used as atemplate for
the second of PCR amplification, using a new pair of primers
AS-2 (5 -CGGGGAGCTCGCAAGCACCCTAT-3),S2(5 -
GTCGTGGTACCTCCAGGACC-3'). The conditions of the
second PCR reaction were the same as described above, except
the primers AS-2 and S-2 which induced restriction
endonuclease sites (underlined) Kpn | (GGTACC) and Sac |
(GAGCTC) onthe 5’ - and 3’ -end of the PCR product. The
second PCR product (comprising nucleotides -220 to -47) was
then cut with enzymesKpn 1/Sac | and inserted into pBluescript
I K/IS+/- (pBS) cloning vector by standard procedures. Clones
were sequenced by the dideoxy chain termination method with
phage T7 DNA polymerase (""Sequencing™, Pharmacia
Biotech Inc. USA) (Figure 1). To minimize sequencing efrrors
due to sequencing reaction and electrophoresis artifacts, all
the clones were sequenced in both directions.
Sequence analysis To make a comparative analysis with
reported sequences, sequences of the 5 NCR were compared
with the consensus sequence of HCV-11%. Genalign was used
for sequence alignments and comparison (Intelligenetics). A
phylogenetic tree for HCV was constructed by the previously
described method™. Briefly, evolutionary distance (i.e. those
corrected for multiple substitution) between pairs of sequences
were estimated using the DNADIST program in the PHYLIP
package*¥. Phylogenetic analysis was carried out using the
programs DNADIST, NEIGHBOR and DRAWTREE in the
PHY LIP package".

Seral and virological tests
Anti-HAV detection Serum anti-HAV IgM was examined
with an ELISA kit (Beijing Science & Health Clinic

Diagnostics Company, Beijing) as described in the manual.
HBV detection HBV infection markers including HBsAg,
anti-HBs, anti-HBc, HBeAg were examined with ELISA kits
(Beijing Biochemical & Immunological Reagent Company,
Beijing). HBV-DNA was examined by PCR. The patients
positive for at least two of the above markerswere considered
HBV-infected cases.

HCV detection Serum anti-HCV was examined with asecond
generation ELISA kit (AXSYM, Abbott Laboratories
Diagnostics Division, USA) and the 5 NCR of HCV genome
was examined by reverse transcription PCR (RT-PCR) as
described previoudly!®. The patients positive for both anti-HCV
and HCV-RNA were considered HCV-infected cases.
Anti-HDV detection Serum anti-HDV was examined with
an ELISA kit (Beijing Science & Health Clinic Diagnostics
Company, Beijing).

Anti-HEV detection Anti-HEV IgM was examined with an
ELISA kit (Genelab Diagnostics PTE LTD, Singapore).
Anti-HGV detection HGV-RNA was examined by RT-PCR
with HGV specific primerg*2.

Serum ALT detection Serum ALT was examined by Rate’ s
method.

Statistical analysis
Statistical analysis was performed using the Mann Witney test
and Fisher’ sexact test!*3,

Nucleotide sequence accession numbers

The nucleotide sequence data reported in this study have been
deposited in the Genbank and EMBL Databases under the
following accession numbers: AJ388314 to AJ388391.
Genbank accession numbers of the previously reported
sequences cited in this study are HCV 1 (1a), M62321; HCVJ
(1b), D90208; HC-J6 (2a), D00944; HC-J8(2b), D10988; NE92
(2d), X78862; Eb1 (3a), D10114; HCV-TR (3b), D11433;
NEO048 (3c), D16612; NE125 (3f), D16614; IND1751 (3g),
X91421; T983 (2c), Ref. 14.

RESULTS

Mix-infections with different HCV genotypes or variants and
sequence diversity

Forty-three serum samples from HCV antibody-positive
patients with chronic hepatitiswere analyzed by RT-PCR. The
alignment of the DNA sequences (Figure 1 and 2) showed
that 24 patients were mix-infected with different HCV
genotypes or variants. Among these 24 patients, 9 were mix-
infected with genotype 1 and 3 (Figure 1), 7 with different
variants of genotype 1, 2 with variants of genotype 2, and 6
with variants of genotype 3 (Figure 2). There were no patients
mix-infected with genotype 1 and 2 or mix-infected with
genotype 2 and 3. Phylogenetic analysis with DNADIST
(Figure 3 and 4) clearly demonstrated these results.

Nineteen isolates were cloned from the nine patients mix-
infected with genotype 1 and 3 (Figure 1). Of them only 2
isolates (Y S233-3 and Y S245-3) were found possessing the
sequence completely identical to the previously reported
genotype 1b (HCV ). Two isolates (Y S203-3 and Y S232-
2) possessed high sequence homology with genotype 1b. The
remaining sequences were quite different from the existing
(classified) genotypes reported previoudly.

Fourteen isolates were cloned from the seven individuals
mix-infected with different variants of genotype 1, and only 2
isolates (Y S246-2 and Y S248-1) were found possessing the
seguences completely identical to HCVJ (1b). Four isolates
were cloned from the two patients mix-infected with different
variants of genotype 2, and only one (R4-1) was found
possessing sequence quite similar to T983 (genotype 2¢)4.
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HCV1l (la) TCCCGGGAGA GCCATAGTGG TCTGCGGAAC CGGTGAGTAC ACCGGAATTG CCAGGACGAC CGGGTCCTTT CTTGGATCAA CCCGCTCAAT
HCVJ  (IB)  me-mmecee eieeeece eheeeeicie eiheiiees seeeaeeses seeeeeesee seeeesaees meeeeeeees seeeseeeae
YS208-3  mmmm e mmee e e e e eee eeeeeeen e e e
YS2152 ~  cceeeeeeee ceeeeeeaae - Tecmeemme meemeieeee eeeeeeeen heeeeeeies ceeeeeeeas eeeaean Tee cmemmees
YS232-2 ~  ceeeeeee eeeeeeeeae eeeeeeeaee mheeaeeees seeeeeeena eeemeeeees meeeaeeees seeeeeeeea eeemeeeeen
YS233-3  mee e emee e e e eeeeeee eeeeeeen eeeeeee e e
YS230-2  cceeeeeece ceeeeaecee meeeeeeees maeeeesee seeeeeaees meeaeeeees seeeeeseas eenaeas Aev memmenenas
YS241-2 ~  cceeemeee ceeceeeiae eeeeeeeaee meeeeeeaes ceeeeeeeee een Armmmee emceeeeaee ceeeaaa G- ceeemmeaas
YS2432  a---- AArc e meeeceeeee eeeeeeiae ceheeeeeae eeeaeeeees seeeeesses seeeeeeees eeeeean Aer memmenenas
YS245-3 e eeme e e e e ein e eeeen e eeeme emeeeeeee e eeeeeeaaa-
R19-3  eeemeeee aeeeeao o I T ——
Ebl  (88) ----eeeees mmeemeeme eemeeaee e el C- ~TG--GT--- wmcmmmmeee comeen G- e
HCV-TR (3D) - - - mmmmmmm mmmmmmmooe emeeiee e eeeeeao oo C- --Gr--Trmm e e A-m mmmeeeaes
YS203-5 = ccceeeeece ceeeeaeeee eeeeaeceee seeeneeee eeeeeaa- [0 R T TR Aer memmenenns
YS215-1) e memmme e e eeeeeeeee aaeeea-s Cr == Grmmmmmn e e Ammm e
YS232-1  seeemeeee e et e aeeaea-. (B LT L
YS2332 c-eeeeeece ceeeeaeeis eeeeaeeeee seeeemeeee eeeeeaa- (o R Armr mmeeenann
YS230-1  smeememee e e eeeeeeee aeeeea-. C- =G -=Trmm mmmmmemmee eeaos AT- mmmeeee-
YS241-5 e eeeeee e e et e aeeeea-. [ R L L T Ammm e
YS243-1 c-eeeeeece ceeeeaeeee eeeeaeceee seeeemeeee eeeeeaa- (o R T T T Armr mmeeenans
YS245-1 e eeeeee e e et e aeeeea-s C- --G----- Gr mmmmmmeeee e A e
YS2452 oo T T LT C- --G----- Gr mmmmmeeee e A e
R19-2  ceeeseeeee eeeeeeeee ceeeeeeeee eeeeeeseee eeeeaees C- ~eGrvrmmme mmeeeeeaee eeaeas Armr mmeeenann
-125 -47
HCV1 (la) GCCTGGAGAT TTGGGCGTGC CCCCGCAAGA CTGCTAGCCG AGTAGTGTTG GGTCGCGAAA GGCCTTGTGG TACTGCCTG
HCV] () ----mmcece cememeee eeeees Grov mememeeee meeeaeees meeeeenes eeeeeeeeea seeeeeeen
YS203-3 ~  cceeeeeeee ceeeeaeees meeean G- meenen Acee emmeieee eeeeeaees ceeeeeeene ceeeeaean
YS215-2  eeeeeeee e e Grmm mmmm e e e e .
YS232-2  cceeeeeeee ceeeeaeee meeean G- seeemeeee eeeeeeeeee e Tewoome ceemmeceee e
YS2333 cceeeeeeee ceeeeaecee meeean G mememeeee meeeaeees meeeeeees eeeeeemees seeeeeeen
YS2302  eeeeeeeee e o [ L L L Gemmmmm e
YS2412 ~  c-eeeeeee ceeeeaeeee meeean G- meeemeeee eeeeaeeeee eeeeeeeeee een Gorrree cemmeeees
YS2432 =~ ceeeeeeee ceeeeeeeee meeean G- meeemeeee eeeeaeeeee eeeeeeeeee een Gorrree cemmeeees
YS245-3  eeeeeemee e el Grmm e e e e aeeeao-
R19-3 ceeeeeeeee eeeeeeeees s G- meeemeeee eeeeaeeeee eeeeeeeee aen Georrree cemmeeees
Eb1 Ba) A -CA--A-- -—cmmeeeee oo 0
HCVTR (3b) ---C---A-- -coommomae —oooo G--- TCA--r-cee cecmmmccee meicccnns ceemennnen mmeeeaean
Y S203-5 B o B T G--- TCA--r-cee cecmmmccee meecccnns ceemenmnen mmmmeaaan
YS215-1 B o L R T E Grmm TCA- - - mmm e e e .
YS232-1  cceeeeeeee ceeeeaeee meeaan G--- TCA--r-cee cecmmmccee meimccins ceemennnen mmmeeaean
YS233-2 B o B T G -- TCA--revee cecmmmccce emeeeenne aan Georrree ceemeeeas
YS239-1 ceeCmm A e o G- TCA=---mmm meemmeee eemeeeaao aas Grmmmmm e
Y S241-5 B o LR T R Grmm TCA----mme mmmeeiee el oo Gommmmm e
YS243-1 B o L R T R Grmm TCA- - - mmm e e e .
YS245-1 ~  c-eeeeeeee ceeeeaeeee meeean G-- TCA--r-cee cecmmmccce meicccins ceemenmnen mmmmeaean
YS245-2  ceeeeeee e o Grmm TCA----mme mmmemmee el oo Gommmmm e
R19-2  mmemeeee e oo 0
Figure 1 Alignment of DNA sequence of the 5’ NCR of HCV isolated from the patients mix-infected with genotypes 1 and 3 mix-
infected patients. Comparison of nucleotide sequences in the 5’NCR from Chinese patients (YS-, R-) with previously published
HCV sequences. Nucleotide numbering corresponds to that described for the prototype HCV1E. Dashes indicate identity with
sequence of HCV1 (top line). Nucleotide substitutions are indicated. Numbers in parentheses indicates the genotype of that sequence.

Source of published sequences referred to Materials and Methods.
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HCV1l (la) TCCCGGGAGA GCCATAGTGG TCTGCGGAAC CGGTGAGTAC ACCGGAATTG CCAGGACGAC CGGGTCCTTT CTTGGATCAA CCCGCTCAAT

Lo 61
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YS1042  ceeomeeo-o aoian e o T Aeoe oo
YSI1943  ceeeeeeoo aoaas Grmme e e oo [T o Acme e
5T o Acme oo
YS1983  ------ A om e e il T o Acm cmemeao
YS201-4  seemeoe e eeeeeeo il il il o T Aeoe oo
2= o T A-G- <m-ceon-
YS201-1  seeememe emeemeo e il ollooo. o Acoe oo
YS225:6  ceemeoe e meemeo e il oloooo C- -TG--GTe-- =mcemmmean ceman AT-- ceeeoo
2= C- -TG--GT--- —-cmmmcmn coma- [ T ——
2L o T 3 AT-- oo
= C- --G----- Ge wmmmemmeen oo Acme oo
YSA452 - A e e el il ol C- --G----- T Accm cmemeao
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272 o T A-T- ccemmeamnn
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(continued)
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HCV1 (la) GCCTGGAGAT TTGGGCGTGC CCCCGCAAGA CTGCTAGCCG AGTAGTGTTG GGTCGCGAAA GGCCTTGTGG TACTGCCTG

HCVJ  (1b)  -mmmmmmmm mmmmmmeoe oo T
YS2045  ceee-eeo-- Crmmmmmme e e
YS204-9  ceeeeee e oo T [
YS205-3  cmeemeee e oo e (T
YS2052  ceeemeen eeeeeeo oo T Gemmem e
YS2192  ceeemeen e oo T [
T e [
YS224-3  ceeee e il e T
YS224-1  seeeen e il G--- ---- Commmm e e o T
YS226-3  ceeemeen emeeeeoe oo e [
YS226-2  smeemmeen emeeieao oo e T
YS246-2 o smeemeen e oo e
YS246-3  ceeemeen eeeeeeo oo T [
2= e
- Gormm mmm e e e (T
HC-J6  (28) ---C--TCr- =mmmmmomme mmmmmomoe coooeao oo C--nm --- Tommee e e
HC-J8 (2b) -T-C--TC-- ------ AC-- mmmmommee e oo C--nm --- Tommee e o
T983  (2) ---C--CCo- =mmmmmmma mmmeoea e oo [oF T

NE92  (2d) ------ TCen mmmmmmme el il Lol [oT T

R4-1 o o [oR L A----
R4-2 o o Gemmmm e
R3-1 o o
R3-2 ciCeTCen e oo T Gemmem e
Eb1 (38 A--CA--A-- -c-ccoocen aooa- T o
HCV-TR (30) - =-Ce=<Ax= —cemmcammn —oeon T o
Y$194-2 o T o .
YS194-3 o T o T
Ys198-2 o T o T
YS198-3 B G--- TCA-==--=- == Commm e el oo
YS201-4 o T o
YS201-2 o T o
YS201-1 o T o T
YS225-6 A--CA- A= ccmmmeos oo T o
YS225-10 A--CA-=A-- commoe oo T o T
YS225-7 A-=CA- A= ccemmaos oo T o
YS245-1 o T o
YS245-2 o T o T
YS250-3 o T o
YS250-1 o T o T
YS252-7 o T o T
YS252-1 o R i o Gemmem e

Figure 2 Alignment of DNA sequence of the 5' NCR of HCV isolated from the patients mix-infected with different variants of the
same genotype. Comparison of nucleotide sequences in the 5’ NCR from Chinese patients (YS-, R-) with previously published
HCV sequences. Patients were presumably divided in three groups, as shown in the left column. Nucleotide numbering corre-
sponds to that described for the prototype HCV1Fl, Dashes indicate identity with sequence of HCV1 (top line). Nucleotide substi-
tutions are indicated. Numbers in parentheses indicates the genotype of that sequence. Source of published sequences referred to
Materials and Methods.
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Hcv1l
1 YS232-1
3 HCV-TR
YS243-1
YS245-1
YS215-1
IND1751
Eb 1
L 4L|7 NE125
NEO48
|| YS203-5
R19-2
YS233-2
YS241-5
YS245-2
YS239-1
YS245-3
YS233-3
1 | HCVJ
L YS203-3
— YS232-2
YS241-2
YS243-2
YS239-2
R19-3
YS215-2 5
——— HC-J8

01 'HC-J6

Number of nucleotide substitutions per site

Figure 3 Phylogentic tree constructed with Chinese (YS-, R-) and previously reported sequences, based on nucleotide (nt) identity
of 57 NCR sequence (nt —220 to — 47). Dentrogram shows 19 Chinese isolates distributed within 2 major genotypes (genotypes 1
and 3). Source of published sequences referred to Materials and Methods.

HCV1

7~ ~YS226-3
YS204-5
1 IiHCVJ
I— | YS248-1
I YS246-2 HCV-TR
YS250-3
YS245-1
3 YS201-4
YS198-3
YS201-2
YS252-7
YS252-1
YS245-2
YS194-3
YS194-2
IND1751 NE048
NE125
bl
YS225-10
YS225-7
YS225-6
YS226-2
YS219-2
YS205-3
YS204-9 NE92
2 HC-J8
HC-J6
R3-1
R4-2
r R4-1
0.1 T983

Number of nucleotide substitutions per site

Figure 4 Phylogentic tree constructed with Chinese (YS-, R-) and previously reported sequences, based on nucleotide (nt) identity
of 57 NCR sequence (nt —-220 to — 47). Dentrogram shows 34 different Chinese isolates distributed within 3 major genotypes, 14
isolates in genotype 1, 4 in genotype 2,and 16 in genotype 3. Source of published sequences referred to materials and Methods.
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Variation in the HCV 5”NCR sequences
Fifty one isolates were obtained from the 24 mix-infected
patients, and only 5 isolates were found possessing the
sequences completely identical to the known HCV J (genotype
1b), the remaining possess high variability from the known
genotypes. On the other side, isolates cloned from different
individuals might possess the completely identical sequences,
such as Y S233-3 and Y S245-3 (Figure 1); Y S203-5, Y S215-
1, YS243-1, R19-2 (Figure 1), Y S201-4 and Y S250-3 (Figure
2); YS233-2 (Figure 1) and Y S250-1 (Figure 2); Y S239-1
(Figure 1) and Y S252-7 (Figure 2).

The sequence analyzing found that out of 51 isolates, 29
(57 %) possessed a G at nucleotide position -61, in place of the

Table 1 Virological test in different groups

“T” that was present in all previously reported sequences. Of
them, 14 were in genotype 1, 2 in genotype 2, 13 in genotype 3.

Clinic virus detection

In order to detect the conditions of mix-infection with HCV
plus other hepatitis viruses, HAV, HBV, HDV, HEV and/or
HGV infection markers were detected in 82 patients HCV
chronically infected. The results showed that 60 patients were
mix-infected with HCV plus other hepatitis viruses. The
incidence was very high. Among these cases, 30.0 % (18/60)
were mix-infected with HCV plus HAV, 46.7 % (28/60) with
HCV plusHBV, 18.3 % (11/60) with HCV plus other two or
three hepatitis viruses (Table 1). The individuals mix-infected

Positive cases (%)

Cases
HCV+ HCV+ HCV+ HCV+ HCV+ HCV+ HCV+ HCV+ HCV+ HCV+ HCV+
HAV+ HBV+ HEV+ HGV+ HAV+ HAV+ HAV+ HBV+ HBV+ HAV+ HAV+
HBV+ HEV+ HGV+ HDV+ HEV+ HBV+ HBV+
HDV+ HEV+
60 18 28 2 1 3 1 1 1 1 3 1
(%) (30.0) (46.7) (3.3) (1.7) (5.0) (1.7) (7 (1.7) (1.7) (5.0) (1.7)
Table 2 Virus detection in HCV-infected patients
Positive cases (%)
Cases
HAV HBV HDV HEV HGV
60 27 37 4 5 2
(45.0 %) (61.2 %) (6.7 %) (8.3 %) (3.3 %)

Table 3 Mean age and ALT level of patients infected with HCV and mix-infected with HCV plus other hepatitis viruses

Subtotal Male Female
Group
Age (years) ALT (U/L) Age (years) ALT (U/L) Age (years) ALT (U/L)
HCV* 35.9 (20-57) 577.7 (20-1890) 33.5 (20-57) 580.8 (20-1890) 38.9 (20-48) 572.9 (121-1000)
[718/20] [11553/20] [368/11] [6970/12] [350/9] [4583/8]
HCV*+HAV* 18.9 (4-40) 1253.4 (92-2350) 18.8 (6-40) 1108.5 (92-2080) 19 (4-37) 1398.4 (208-2350)
[302/16] [20055/16] [150/8] [8868/8] [152/8] [11187/8]
HCV*+HBV* 34.6 (18-71) 741 (30-2745) 35.7 (18-53)  610.4 (30-1905) 32.4(19-71)  1016.7 (35-2745)
[970/28] [20748/28] [678/19] [11598/19] [292/9] [9150/9]
HCV*+other 29.3 (14-64) 1266.5 (49-4160) 27.6 (14-54) 1090.4 (49-3800) 32.6 (16-64) 1618.8 (345-4160)
hepatitis viruses [439/15] [18998/15] [276/10] [10904/10] [163/5] [8094/5]
Total 30.7 (4-71) 803.2 (20-4160) 30.7 (6-57) 799.5 (21-3800) 30.9 (4-71) 1100.5 (35-4160)
[2429/79] [71354/79] [1472/48] [38375/48] [95/31] [33014/30]

*Patients were divided into different groups: HCV-infected group (HCV*), HCV plus HAV mix-infected group (HCV*+HAV?),
HCYV plus HBV mix-infected group (HCV*+HBV*), and, HCV plus other hepatitis viruses mix-infected group (HCV*+other viruses).

Refer to table 1.

Table 4 Mean ages and ALT levels of patients mix-infected with HCV plus HAV and other hepatitis viruses and with HCV plus

HBYV and other hepatitis viruses

Total Male Female
Group
Age (years) ALT (U/L) Age (years) ALT (U/L) Age (years) ALT (U/L)
HCV*+HAV* 26.9 (14-64) 1521.9 (233-4160) 21.6 (14-41) 1552.6 (233-3800) 33.5 (16-64) 1483.5 (345-4160)
[24279] [13697/9] [108/5] [7763/5] [134/4] [5934/4]
HCV*+HBV* 34.3(26-64)  771.8 (49-2680) 31.8(26-50) 772 (49-2680) 39.3(54-64)  591.3 (234-1429)
[309/9] [6406/9] [191/6] [4632/6] [118/3] [1774/3]
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with HCV plusHDV wereall infected with HBV. Among these
HCV infected patients, the positive ratesof HAV, HBV, HDV,
HEV and HGV were 45.0 %, 61.2 %, 6.7 %, 8.3 % and 3.3 %,
respectively (Table 2).

Ages and serum ALT
The ages and serum ALT levelsin different group patients
were showed in Table 3.

The mean age of individualsinfected singly with HCV was
35.9 years old, older than those mix-infected with HCV plus
other hepatitis viruses. The mean age of the patients mix-
infected with HCV plusHAV was 18.9 years old, which was
significantly younger than that (35.9 years) singly infected with
HCV (P<0.001), mix-infected with HCV plusHBV (34.6 %)
(P<0.001) or mix-infected with HCV plus other one or more
viruses (29.3 years) (P<0.001). The serum ALT level of the
patients mix-infected with HCV plus HAV was 1 253.4 U/L,
which was significantly higher than that (577.7 U/L) singly
infected with HCV (P<0.001) or than that (741 U/L) mix-
infected with HCV plus HBV (P<0.05) (Table 3). The mean
age of the patients mix-infected with HCV plus HAV was
significantly younger than that mix-infected with HCV plus
HBV (P<0.001), no matter whether they were mix-infected
with other hepatitis viruses or not (Table 3 and 4).

There were no significant differences in mean ages or in
mean ALT levels between two sex individuals within different
groups.

DISCUSSION

Conditions and features of different genotype HCV mix-
infections

High variability of HCV genome appears not only in its highly
variableregion (HVR) of E2 protein, but also in the most highly
conserved 5 NCR. The 5 NCRisthefirst generation of direct
sequencing testswhich provide complete sequenceinformation
to characterize HCV genotyped®*4. However, the previously
reported sequence comparisons between isolates were mainly
cloned from the same individuals and focused on HVR of E2
or C protein region(s1618 and largely within the same genotype.
| solates of HCV genome cloned from the sameindividual could
belong to the same genotypel™® or the different genotypel™®.
The previous report showed that HVR1 of HCV variation had
an adaptive significance and was associated with favorable
features of liver disease® and the 5" NCR did so as showed in
the present study. The findings in the present study showed
that mix-infections within the same individual with different
HCV genotypes or variants commonly existed, and mix-
infection with genotype 1 plus genotype 3 were only found in
the present study up to now in China. No genotype 1/2 or
genotype 2/3 mix-infected cases were found in the present
study. Different HCV genotypes or variants existed within the
same individual. Most of the viral sequences found in the
present study had high diversity from previously reported,
implying that HCV genotypesin Chinahad specific geographic
distributions and epidemiological features.

Considerable sequence diversity exists both among isolates
from unrelated individuals and within the same individual,
implying that the virusis not a single molecular species, but as
avariable population of closely related or unrelated genomes,
according to the model of the viral genotypes or quasi species.
The pathogenetic mechanismsresponsible for persistent HCV
infection and progressive liver disease are largely unclear;
nonethel ess, variant genotypes or quasi species presence was
thought favorable to escaping from immune surveillance,
leading to chronicity. In fact, the immune response failed to
eradicate HCV infection and did not confer protection?”,

despite the continuous presence of antibodiesd®-2® and cytotoxic
T-cell?*2%, This phenomenon is likely to result in the
continuous selection of new variants.

The previous reports showed that different HCV genotypes
had different clinical pathological features and had different
response to interferon therapy, while very few reports described
clinical pathologic implications of mix-infection with different
genotypes or variants. Thisisworthy to further study.

Clinical implications of mix-infections with HCV plus other
hepatitis viruses
A considerable number of HCV/HAV or HCV/HBV mix-
infections were observed in this study. Among the studied
cases, only 26.8 % (22/82) of the patientswere singly infected
with HCV. The results showed that the mean age was lower
and themean ALT level was higher in the patients mix-infected
with HCV plus other hepatitis virus than in the patients singly
infected with HCV. These findings implied mix-infection with
HCV plus other hepatitis virus might exacerbate pathological
lesion of the liver, accelerating the progress of liver disease.
Affections by HAV super-infection were most significant.
HCV infection has become an important public health
problem worldwide including China®!, and mix-infections
among the patients with liver diseases with HCV plus other
hepatitis virusesin China seemsto be also acommon problem.
There were alot of investigations about infections with only
single HCV or other hepatitis viruses, but only few involved in
mix-infections with HCV plus HAV?1, HCV plus HBV%31
HCV plus HDV%3 or HCV plus HGV[11228333 with high
incidence rate has been reported in China. While there were
no investigations involved the cases mix-infected with HCV
plus so many hepatitis viruses with clinical featuresin China
and even abroad. The findings in the present study showed
that patients might get mix-infectionswith HCV plusone, two
or three other hepatitis viruses. The positiverate in the patients
mix-infected with HCV plus HBV was very high, implying
that mix-infection with HCV plusHBYV have great significance
in diagnosis and treatment of HCV infected patients. Besides,
mix-infection with HCV plus HIV would not be another
ignorable public health problem in Chinatoday, especially in
blood donors and drug abusers?%31, The preliminary results
obtained in the present study would provide important
diagnostic and prognostic information for more effective
treatment of HCV infections. In order to get better insight in
the whole conditions of mix-infection of different hepatitis
viruses more investigations are still necessary.
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